Dexmedetomidine (DEX) may act as an antioxidant through regulation of TRPM2 and TRPV1 channel activations in the neurons by reducing cerebral ischemia-induced oxidative stress and apoptosis. The neuroprotective roles of DEX were tested on cerebral ischemia (ISC) in the cultures of rat primary hippocampal and DRG neurons. Fifty-six rats were divided into five groups. A placebo was given to control, sham control, and ISC groups, respectively. In the third group, ISC was induced. The DEX and ISC+DEX groups received intraperitoneal DEX (40 μg/kg) 3, 24, and 48 hours after ISC induction. DEX effectively reversed capsaicin and cumene hydroperoxide/ADP-ribose-induced TRPV1 and TRPM2 densities and cytosolic calcium ion accumulation in the neurons, respectively. In addition, DEX completely reduced ISC-induced oxidative toxicity and apoptosis through intracellular reactive oxygen species production and depolarization of mitochondrial membrane. The DEX and ISC+DEX treatments also decreased the expression levels of caspase 3, caspase 9, and poly (ADP-ribose) polymerase in the hippocampus and DRG. In conclusion, the current results are the first to demonstrate the molecular level effects of DEX on TRPM2 and TRPV1 activation. Therefore, DEX can have remarkable neuroprotective impairment effects in the hippocampus and DRG of ISC-induced rats.
oxidative stress 12 . The TRPM2 and TRPV1 channels are mainly expressed in the hippocampus and dorsal root ganglion (DRG) [13] [14] [15] . In addition, expression level of TRPM2 and TRPV1 in the brain were decreased by experimental brain injury 13 . As a result, ADPR production in the brains of cerebral ischemia-induced rats increased 16 . Prevention of apoptotic cascades through inhibition of the TRPM2 and TRPV1 in the hippocampal (HIPPO) and DRG neurons of rats were more recently reported 5, 17 . These later results raised the possibility that HIPPO and DRG neuron apoptosis mediated by the TRPM2 and TRPV1 channels could also contribute to cerebral ischemia injuries, as accumulating evidence suggests their involvement in cerebral ischemia and SCI, including oxidative stress induced by the TRPM2 and TRPV1 channels 2, 5 .
Dexmedetomidine (DEX) is an important drug for long-term sedation in intensive care patients because it induces a rapid response and is easily controllable. In addition to its sedative effect, DEX plays an important role in the treatment of pain and SCI 1, 18 . Evidence has emerged indicating that the effect DEX has on ion channels may be an important mechanism underlying DEX-induced peripheral anti-nociception 1 . The results of recent studies show that DEX decreased cerebral ischemia and SCI-induced intracellular ROS production and apoptosis in the brain and DRG of rat, respectively 1, 19 . Recently, it has been demonstrated that DEX potently inhibits overload Ca 2+ entry through voltage gated calcium channels (VGCC) and glutamate (NMDA) receptors in the DRGs and hippocampus of rats [20] [21] [22] . Therefore, DEX may reduce the entry of overload Ca 2+ via modulation of TRPM2 and TRPV1 channel activations in the HIPPO and DRG neurons of rats with cerebral ischemia, and this effect should be clarified.
Accumulating reports in the drug discovery potential of TRP channels provides continual interest for the hypothesis that block of TRP channel inhibition underlies many of the treatments related with SCI and cerebral ischemia-induced brain injuries 5, 23 . However, there have been no reports on overload Ca 2+ entry via activations of TRPM2 and TRPV1 in rats with cerebral ischemia. To address this interaction between DEX, TRPM2 and TRPV1, we investigated the protective actions of DEX treatment on apoptosis, oxidative stress levels, Ca 2+ entry values as well as involvement of TRPM2 and TRPV1 activations on the values in the DRG and HIPPO neurons in rat with cerebral ischemia.
Results
The effects of DEX treatment on [Ca 2+ ] i accumulation through TRPM2 activation in the HIPPO and DRG neurons of rats with cerebral ISC. The best TRPM2 channel antagonist within nonspecific agonists of the TRPM2 channel is N-(p-amylcinnamoyl) anthranilic acid (ACA) 24 and we used with the potential treatment action of DEX in the ISC-induced HIPPO and DRG neuron injury models through the TRPM2 involved in Ca 2+ accumulation. For the aim, these neurons were dissected from control and treated animals and they were further in vitro treated with TRPM2 agonist CHPx although they were inhibited by ACA. The [Ca 2+ ] i concentration in the HIPPO (Fig. 1A) and DRG ( Fig. 1B ) neurons was markedly (p ≤ 0.05) higher in the DEX group than in the DEX+ ACA group. As compared to the control, sham, and DEX groups, the [Ca 2+ ] i was importantly (p ≤ 0.001) high in the ISC group. The [Ca 2+ ] i was also significantly (p ≤ 0.05) lower in the ISC+ ACA group than in the ISC group. Compared to the ISC (p ≤ 0.001) and ISC+ ACA (p ≤ 0.05) groups, the [Ca 2+ ] i concentration was also further (p ≤ 0.05) decreased in the ISC+ DEX and ISC+ DEX+ ACA groups by DEX and ACA treatments.
The involvement of DEX treatment on [Ca 2+ ] i concentration, TRPM2 and TRPV1 activations in
the DRGs of rats with cerebral ischemia. Although CAP is a TRPV1 receptor agonist 10, 15 , capsazepine (CPZ) is a specific TRPV1 receptor antagonist. The animals received intraperitoneal DEX (40 mg/ml) at 3th, 24 th and 48 th hours of cerebral ischemia. In order to identify the TRPV1 receptor involved in Ca 2+ accumulation in the HIPPO and DRG neurons, these neurons were dissected from control and treated animals and they were further in vitro treated with TRPV1 agonist CAP but they were further inhibited by CPZ ( Fig. 2A,B ,C). The [Ca 2+ ] i concentrations in the HIPPO and DRG neurons were high (p ≤ 0.05) in the DEX group as compared to the DEX+ CPZ group. The [Ca 2+ ] i was markedly (p ≤ 0.001) higher in the ISC group than in the control, sham, and DEX groups. As compared to the ISC group, the [Ca 2+ ] i concentration was also low (p ≤ 0.05) in the ISC+ CPZ group. Compared to the ISC (p ≤ 0.001) and ISC+ CPZ (p ≤ 0.05) groups, the [Ca 2+ ] i was also further (p ≤ 0.05) decreased by CPZ treatments in the ISC+ DEX and ISC+ DEX+ ACA groups.
The effects of DEX on ADPR-induced TRPM2 current densities in the DRGs of cerebral ISC-induced rats. The TRPM2 currents induced by ADPR delayed gradually (within 3.43 ± 1.95 minutes) following the infusion of ADPR into the cytosol of the neurons (Fig. 3B ). The delay between the current onset and current amplitude of 0.84 nA during the stimulation with ADPR.
The ADPR currents were reversibly blocked by TRPM2 blocker (ACA) and a substitute ion (NMDG + ) for Na + (see Fig. 3B ,C). Control records were taken every day from same animals that were used to study TRPM2. We observed no currents in control records when it was not activated by intracellular ADPR (1 mM) of path-pipette ( Fig. 3A ). Compared to control mean the current densities (as pA/pF) values in the DRG, the current densities increased in groups of control+ ADPR and ISC+ ADPR. The ACA treatments markedly (p ≤ 0.001) decreased the mean values in the control+ ADPR+ ACA and control + ADPR+ ACA groups (Fig. 3F ). In addition, TRPM2 channels were fully blocked by DEX treatment, and the currents were (p ≤ 0.001) lower in the DEX and ISC+ DEX groups as compared to the control+ ADPR and ISC+ ADPR groups.
The protective actions of DEX on TRPV1 current densities in the DRGs of rats with cerebral ischemia. Control record is shown in Fig. 4A and it was taken from the DRG neurons when it was not stimulated by CAP. The current densities of DRG about 0.88 nA were induced by addition of TRPV1 channel agonist (CAP and 0.01 mM) into patch-chamber within 1.33 ± 0.28 minute (Fig. 4B ). However, these currents were Scientific RepoRts | 6:37196 | DOI: 10.1038/srep37196 approximately returned to control levels by addition of CPZ into patch-chamber (see Fig. 4B ,C). On the other word, these currents were markedly (p ≤ 0.001) decreased in the control+ CAP and ISC+ CAP groups by CPZ treatments. Therefore, we observed a TRPV1 activating role for cerebral ischemia induction in the neurons. However, DEX induced protective actions on the current densities and the TRPV1 currents were also significantly (p ≤ 0.001) lower in the DEX+ CAP and ISC+ DEX+ CAP groups than in the ISC-only group (Fig. 4F ), and the values were decreased to control levels by DEX treatments. Figures 5 and 6 show the effects of DEX on cerebral ischemia-induced apoptosis, MTT levels, and caspase 3 and 9 activities through TRPM2 (Figs 5A and 6A) and TRPV1 (Figs 5B and 6B) channel activation in the HIPPO neurons. As compared to the control, sham, and DEX groups, the level of apoptosis, activities of caspase 3 and 9 were high (p ≤ 0.001) in the ISC groups although the MTT levels were low (p ≤ 0.001). The cerebral ischemia-induced apoptosis levels, caspase 3, and caspase 9 activities significantly decreased in the ISC+ ACA (p ≤ 0.05), ISC+ CPZ (p ≤ 0.05), ISC+ DEX (p ≤ 0.001), ISC+ DEX+ ACA (p ≤ 0.001), and ISC+ DEX+ CPZ (p ≤ 0.001) groups through the ACA, CPZ, and DEX treatments, although MTT levels in the groups were markedly (p ≤ 0.05 and p ≤ 0.001) increased by the treatments.
Protective role of DEX on values of apoptosis, MTT, caspase in the HIPPO neuron of rats with cerebral ischemia.

Protective role of DEX on mitochondrial membrane depolarization (JC-1) and intracellular ROS
production levels in the HIPPO and DRG neurons of rats with cerebral ischemia. The protective actions of DEX on JC-1 and ROS levels in the HIPPO neurons through TRPM2 were shown in Fig. 6C ,D, respectively. As compared to control and sham control groups, the JC-1 and ROS levels in the HIPPO and DRG (data are not shown) neurons were high (p ≤ 0.001) in the ISC groups. However, the JC-1 and ROS level of rat HIPPO neurons were low in the ISC+ ACA (p ≤ 0.05), ISC+ CPZ (p ≤ 0.05), ISC+ DEX (p ≤ 0.001), ISC+ DEX+ ACA (p ≤ 0.001), and ISC+ DEX+ CPZ (p ≤ 0.001) groups as compared to ACA, CPZ, and DEX treated groups, whereas MTT levels in the groups were high (p ≤ 0.05 and p ≤ 0.001) in the treated groups. Results of PARP and procaspase 3 and 9 expressions in HIPPO neurons. Procaspase 3 and 9 are main sources of active caspase 3 and 9 in the executioner caspase-activated pathways and mitochondrial apoptotic cascades, respectively [25] [26] [27] . As indicators of apoptosis, procaspases 3 and 9 were assayed in the current study ( Fig. 7A ). The expressions of procaspases 3 and 9 in the HIPPO and DRG (data are not shown) neurons were high (p ≤ 0.05) in the ISC group as compared to the control and sham groups, these expressions were modulated in the DEX and ISC+ DEX groups by the DEX treatments (p ≤ 0.05).
The enzyme PARP is abundant in neurons that are indicating and signaling DNA damage to repair mechanisms. After being activated in response to single-strand DNA breaks PARP subsequently attaches to regions of injured DNA 4, 26 . The activation of TRPM2 is caused by PARP-induced ADPR and NAD + pathways 12 , and we observed TRPM2 channel activation in the current study. In addition, PARP expressions in the HIPPO neurons were markedly (p ≤ 0.05) high in the ISC group as compared to the control and sham groups (Fig. 7B ). However, PARP activities in the neurons were significantly lower in the DEX and ISC+ DEX groups than in the ISC (p ≤ 0.001) and control (p ≤ 0.05) groups.
Discussion
For the long-and short-term sedations, DEX is used as an analgesic and anesthetic. In addition to its effectiveness in sedation, DEX reportedly has a regulatory effect on VGCC and oxidative stress in neurons [20] [21] [22] . Excessive production of mitochondrial ROS and an overload of Ca 2+ through increased TRPM2 and TRPV1 channel activity are two of the main causes of neurodegenerative diseases in hippocampus and induction of peripheral pain in DRG ( Fig. 8 ) 5, 10, 17 . The aim of the study was to evaluate whether DEX functionally interacts with TRPM2 and TRPV1 in the HIPPO and DRG neurons of rats with cerebral ischemia. We observed that activations of TRPM2 and TRPV1 channels are potentially inhibited in the neurons by the DEX treatment. Therefore, we suggest that DEX involved changes of Ca 2+ entry through activations of TRPM2 and TRPV1 channels and the activations resulted in production of mitochondrial membrane depolarization-induced free oxygen radical in cerebral ischemia-induced brain HIPPO neuronal injury and pain induction.
Free oxygen radical acts a main action in the development of cerebral ischemia 1,28 . Accumulating evidences indicated that activations of TRPM2 and TRPV1 channels are increased in brain injury-induced mitochondrial The DRG neurons were further treated in vitro afterwards with ADPR (1 mM) and ACA (0.025 mM). Capacitance calculation of the currents was described in the method section. The numbers of group were indicated in parentheses. ( a p ≤ 0.001 versus control. b p ≤ 0.001 versus control+ ADPR group. c p ≤ 0.001 versus control+ ADPR+ ACA group. c p ≤ 0.001 versus ISC+ ADPR group. e p ≤ 0.001 versus ISC+ ADPR+ ACA group). activation and excessive Free oxygen radical production by the excessive mitochondrial Ca 2+ uptake 6, 9, 29 . Furthermore, DEX induces antioxidant effects in the spinal cord (DRG) injuries and cerebral ischemia (hippocampus) of rats 1, 18, 19 . Intracellular ROS production was used as an indicator of oxidative stress in the HIPPO neurons. As a result, the cerebral ischemia-induced ROS production was strongly decreased by DEX treatment because of inhibition of overload Ca 2+ influx. These observations suggest that DEX has an antioxidant role against cerebral ischemia-induced oxidative stress in the HIPPO neurons. Sifringer et al. 3 reported that oxidative stress levels in the brains of hyperoxia-exposed developing rats were decreased by DEX treatment. Similarly, Kose et al. 19 found that DEX treatment decreased lipid peroxidation levels in the brains of rats with ischemia-induced brain injuries. The results of this study were supported by the findings of Sifringer et al. 3 and Kose et al. 19 .
We found that DEX is a potent blocker of the TRPM2 and TRPV1 currents that are induced by administering CAP through the bath solution and ADPR through the patch pipette. A major source of Ca 2+ entry during cerebral ischemia is the enhancement of neuronal persistent Ca 2+ currents through VGCC and NMDA receptors during ischemic conditions 2 . Prolonged opening of Ca 2+ channels generates a current that contributes to electrophysiological alterations and intracellular Ca 2+ homeostasis defects 22 , which were similar in the current results. Additionally, the persistent Ca 2+ current contributes to the propagation of brain injury-induced apoptosis, as indicated by the current results. In recent years, it has become clear that several experimental and pathological conditions can significantly increase the persistence of the TRPM2 and TRPV1 channel currents in the brain 6, 17 . On this basis, DEX's inhibition of the TRPM2 and TRPV1 currents contributes to the prevention or limitation of brain injuries during cerebral ischemia. Similarly, Zhao et al. 30 reported that DEX treatment reduced the Ca 2+ response in astrocytes. In addition, the results of a recent study indicated that DEX treatment decreased histamine-induced Ca 2+ signaling in cancer cell lines 31 .
Overload [Ca 2+ ] i accumulations in cytosol and mitochondria induce apoptosis if the accumulation is not be buffered by the mitochondria 26, 28, 29 . Mounting evidence indicates that production of free oxygen radicals and stimulation of apoptotic caspase 3 and 9 pathways are increased in the hippocampus and DRG by increased mitochondrial membrane depolarization ( Fig. 8 ) 5, 17 . This is because the neurons have poor antioxidant content but high oxygen consumption and polyunsaturated fatty acid content. Hence, antioxidant drugs decrease ROS and apoptosis via regulation of mitochondrial functions in the neuron 5 . Further, DEX has an antioxidant role in neurons 3, 32 . We have observed clues supporting the hypothesis that cerebral ischemia-induced Ca 2+ uptake into mitochondria evoked by rises in the concentration of [Ca 2+ ] i induces mitochondrial membrane depolarization, excessive free oxygen radical production, and apoptosis values. However, the values were reduced to control levels by TRPM2 and TRPV1 channel blockers. Similarly, it was reported that DEX treatment decreased the number of degenerating cells in brain regions of developing rats exposed to hyperoxia 3 . A recent study suggests the use of DEX to attenuate anesthetic agent-induced apoptosis in neurons 32 . In an ischemia-reperfusion model, Engelhard et al. 33 demonstrated that DEX treatment up-regulated anti-apoptotic proteins and suppressed pro-apoptotic proteins in the brains of cerebral ischemia-induced rats. A similar result was reported in DRG neurons: DEX induced a neuroprotective effect in SCI-related DRG neuron death by inhibiting lipid peroxidation production 18 .
In conclusion, results suggest that DEX treatment reduces cerebral ischemia-induced oxidative stress, cell death, and intracellular Ca 2+ signaling through inhibition of TRPM2 and TRPV1 in the rat hippocampus and DRG. These findings hold importance and may explain cerebral ischemia-induced HIPPO and DRG injuries, and DEX treatment may indicate for neuroprotective role against apoptotic neuronal death, excessive oxidative stress production, and overload Ca 2+ influx. The inhibitory effect of DEX in cerebral ischemia-induced TRPM2 and TRPV1 activation should be considered a potential pharmacological target for itching caused by cerebral ischemia-mediated activation of pain and brain injuries. Study Groups. Two rats were tested pre-study for cerebral ischemia induction. Due to the risk of death, n numbers of operated rat groups which have received a cocktail of ketamine hydrochloride (50 mg/kg) and xylazine (5 mg/kg) administered intraperitoneally (i.p.) were used as n = 12, although the control group n number used was n = 8. The remaining 56 rats are used in 5 groups as follows:
Figure 6. Effects of dexmedetomidine (DEX) treatments on caspase 3, caspase 9 activities, mitochondrial membrane depolarization (JC-1) and intracellular ROS production through TRPV1 and TRPM2 channel activities in HIPPO neurons of ischemia (ISC)-induced rats [mean
1. First group (n = 8) used as control, and it received i.p. placebo (0.9% w/v physiological saline) at 3, 24, and 48 hours. 2. Second group (n = 12) used as sham control group. The rats were subjected to chirurgical exposure and anesthesia without induction of cerebral ischemia. The rats also received i.p. placebo at 3, 24, and 48 hours. 3. Third group (n = 12) used as DEX group. The anesthesia cocktail was given to the rats in the groups and then DEX (40 μ g/ml and DEX hydrochloride, Meditera, Inc, İstanbul Turkey) was given to rats via i.p. injection after 3, 24, and 48 hours 34 . 4. Fourth group (n = 12) used as cerebral ischemia (ISC) group, and ISC was induced through encircling of the rats' middle cerebral artery. The rats also received placebo via i.p. injection after 3, 24, and 48 hours. 5. Fifth group (n = 12) used as the ISC+ DEX group. After ISC induction under the cocktail anesthesia, DEX (40 μ g/ml) was given to the rats of the fifth group after 3, 24, and 48 hours 34 .
At the end of 48 hours, a cervical dislocation method was used to scarify the rats. The HIPPO and DRG neurons were obtained as used in previous studies 5, 6, 17 .
A part of total DRG and HIPPO neurons were used in patch clamp analyses within 4 hours. The remaining HIPPO and DRG neurons were counted in the CASY Model TTC Cell Counter and Analyzer (Roche Diagnostics Corporation, Indiana, USA), and they were split to sterile cell culture flasks (Greiner Bio-one, Istanbul, Turkey) at a density of 1 × 10 6 neurons/ml. Some parts of the remaining HIPPO and DRG neurons in 2 ml eppendorf tubes were stored at − 85 °C for western blot analyses. Induction of Cerebral Ischemia. For anesthesia of the rats, an anesthetic cocktail of ketamine hydrochloride (50 mg/kg) and xylazine (5 mg/kg) was used. The body temperature of the rats was maintained at 37 °C through the use of a heating pad. The right middle cerebral artery was exposed through a ventral midline incision in the neck, carefully isolated from the vago-sympathetic trunks, and loosely encircled with sutures for further occlusion. Following a midline incision, the skull was craniectomized to expose the right common carotid artery. A 3-0 suture was positioned so that it encircled the middle cerebral artery for further occlusion. Cerebral ischemic surgery was performed through occlusion of the right middle cerebral artery and the right middle cerebral artery for 30 min. The sham operated rat was subjected to the same surgical operation but without the occlusion of the artery.
Electrophysiology. We used whole-cell mode of patch-clamp techniques in EPC10 patch-clamp set (HEKA, Lamprecht, Germany) 17 . Resistances of whole cell recording electrodes were 3-7 MΩ . The standard extracellular bath solutions and pipette solutions were described in previous studies 5, 17 . The borosilicate patch pipettes were freshly prepared by puller (P-97 Puller, Sutter Instruments Inc., Novato, CA, USA). The intracellular Ca 2+ concentration was held as 1 μ M instead of 0.1 μ M in TRPM2 experiments because the channels are activated by presence of high intracellular Ca 2+ concentration. Holding potential of the patch-clamp analyses in the DRG neurons was -60 mV. Voltage clamp technique was used in the analyses and current-voltage (I-V) relationships were obtained from voltage ramps from − 90 to + 60 mV applied over 200 milliseconds. All experiments were performed at room temperature (21 ± 1 °C).
In the experiments, TRPM2 channels are gated by ADPR (1 mM in patch pipette) although they were inhibited by N-(p-amylcinnamoyl) anthranilic acid (ACA and 0.025 mM). TRPV1 channels were activated by adding extracellular (in patch chamber) CAP (0.010 mM), and the channels were inhibited administration of capsazepine (CPZ and 0.1 mM) into patch chamber through extracellular buffer. For the analysis, the maximal current amplitudes (pA) in a DRG neuron were divided by the cell capacitance (pF), a measure of the cell surface. The results in the patch clamp experiments are the current density (pA/pF) 35 .
Figure 8. Possible molecular pathways of involvement of DEX in cerebral ischemia-induced apoptosis, oxidative stress and calcium accumulation through TRPM2 and TRPV1 channels in the HIPPO and DRG neurons of rats.
The TRPM2 channel is activated by ADP-ribose (ADPR) and oxidative stress although it is inhibited by ACA. The TRPV1 channel is activated by oxidative stress and capsaicin (CAP) and it is blocked by capsazepine (CPZ). Increased intracellular Ca 2+ concentration through TRPM2 and TRPV1 channels in cerebral ischemia (ISC) may lead to neuronal toxicity, reactive oxygen species (ROS), inflammatory processes and eventual cell death. DEX reduced oxidative stress, apoptotic factors (including caspase 3 and 9), mitochondrial membrane depolarization and Ca 2+ influx through the inhibition of TRPM2 and TRPV1 channel activation.
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Intracellular free calcium ([Ca 2+ ] i ) determination. The [Ca 2+ ] i concentration was measured UV light-excitable Fura-2 acetoxymethyl ester (Fura-2-AM) as an intracellular calcium ion indicator. The HIPPO and DRG neurons were loaded with 5 μ M fura-2 by incubation with (Fura 2-AM) for 45 min at room temperature according to a procedure described elsewhere 25, 35 . Fluorescence of the [Ca 2+ ] i concentration was recorded in a spectrofluorometer (Carry Eclipsys, Varian Inc, Sydney, Australia) from magnetically stirred cellular suspension at 37 °C. In the records, excitation wavelengths were used as 340 and 380 nm although emission wavelength used as at 505 nm. Accumulation of [Ca 2+ ] i concentration were calculated from by using the Fura 2-AM fluorescence ratio (340/380 nm). For calibration of the records as nanomolar (nM), the method of Grynkiewicz et al. 36 was used.
Intracellular ROS production measurement. DHR 123 as cell membrane permanent green florescent dye can easily pass the neuronal cell membranes. It was sequestered by mitochondria. The DHR123 is oxidized Rh123 by intracellular ROS and ratio of Rh123 indicates intracellular ROS production level in the neurons. The DRG and HIPPO neurons were incubated with 20 μ m DHR 123 as florescent oxidant dye at 37 °C for 25 min 37 . The Rh123 fluorescence intensities were determined by using an automatic microplate reader (Infinite pro200; Tecan Inc, Groedig, Austria). Excitation and emission wavelengths of the analyses were 488 nm and 543 nm, respectively. The results were expressed as fold-increase.
Mitochondrial membrane potential (JC-1) analyses. The mitochondrial membrane potential (5,5′ , 6,6′ -tetrachloro-1,1′ ,3,3′ -tetraethylbenzimidazolocarbocyanine iodide, JC-1) was determined by JC-1 dye as described in previous studies 17, 38 . In health cells, the dye concentrates in the mitochondrial matrix, where it forms red fluorescent aggregates (J-aggregates) and the dye is dispersed throughout the entire cell leading to a shift from red (J-aggregates) to green fluorescence (JC-1 monomers). The JC-1-loaded HIPPO and DRG neurons at 37 °C for 45 min were excited at 488 nm and emission was detected at 590 nm (JC-1 aggregates) and 525 nm (JC-1 monomers). Values were calculated from emission ratios (590/525). The data are presented as fold-increase.
Assay for apoptosis, caspase 3 and caspase 9 activities. The apoptosis levels were determined in a spectrophotometer (UV-1800 Shimadzu, Kyoto, Japan) by using a commercial kit of Biocolor Ltd. (Northern Ireland). We used a procedure which was described in a previous study 17 . The method is based on loss of asymmetry in membranes of apoptotic neurons.
The determinations of caspase 3 (N-acetyl-Asp-Glu-Val-Asp-7-amino-4-methylcoumarin) and caspase 9 activities in the HIPPO and DRG neurons were determined in the microplate reader (Infinite pro200) by using caspase 3 and caspase 9 (His-Asp-7-amino-4-methylcoumarin). Details of the assays were given in previous studies 37, 38 . The substrate cleavage was measured at 360 nm (excitation) and 460 nm (emission). Values were calculated as fluorescence units/mg protein and caspase 3 and 9 activities were expressed as fold-increase.
Western Blot analyses. All Western Blot analyses in the HIPPO neurons were performed using standard procedures are used in the Western Blot analyses of HIPPO and DRG neurons 17 . In the analyses, caspase 9 (p35/p10 Polyclonal Antibody), caspase 3 (p17-specific Polyclonal Antibody), beta actin (polyclonal antibody), PARP1 (polyclonal antibody) were purchased from (Proteintech, USA) although secondary antibodies (Rabbit IgG, HRP-linked whole Ab, from donkey) were purchased from GE Healthcare (Amersham, UK). Visualition of the bands were performed in ECL Western HRP Substrate (Millipore Luminate Forte, USA) by Syngene G:Box Gel Imagination System (UK) and they were normalized against β -actin protein. Obtained values were expressed as relative density over the control level.
Statistical analyses. All data were represented as means ± standard deviation (SD). The data were analyzed by using 17.0 version of SPSS statistical program (Chicago, Illinois, USA). P ≤ 0.05 was considered to indicate a statistically significant difference. Presence of significance in the five groups was once detected by ANOVA and LSD tests. Then p value levels of significances in the data were analyzed by using Mann-Whitney U test.
